Introduction
============

Increased outflow resistance plays a major role in the elevation of intraocular pressure (IOP) in glaucoma.[@b1-opth-10-929] In primary open-angle glaucoma (POAG), increased outflow resistance is caused by increased extracellular material and modulation of trabecular meshwork (TM) cell tone by the action of the cells' actomyosin system in the juxtacanalicular tissue.[@b2-opth-10-929]--[@b4-opth-10-929] In contrast, the elevation of IOP in uveitic glaucoma (UG) is caused by breakdown of the blood--ocular barrier followed by influx of proteins, immunocompetent cells, cytokines, and chemokines, which leads to obstruction of the TM, direct tissue damage, and alteration in the function of the TM.[@b5-opth-10-929]--[@b7-opth-10-929] Recently, we have reported that ab externo trabeculotomy was moderately successful in UG after 3 years.[@b8-opth-10-929] However, the different mechanisms of IOP elevation in POAG and UG raise several questions. First, is there a difference in the efficacy of surgical procedures in POAG and UG? Second, if so, should we follow different surgical strategies in POAG and UG? Third, is chronic inflammation a risk factor for failure even if it was controlled preoperatively? There is only a limited number of studies that have compared a surgical procedure in both POAG and UG.[@b9-opth-10-929]--[@b12-opth-10-929] None of them has reported on trabeculotomy. The purpose of our study was to compare the long-term results of ab externo trabeculotomy in patients with POAG and UG.

Patients and methods
====================

We reviewed the medical records of all consecutive patients with POAG and UG who underwent ab externo trabeculotomy at the Centre for Ophthalmology at the University Hospital Tübingen since 2004. In both POAG and UG groups, the indication for surgery was insufficiently controlled IOP despite maximal tolerated medical treatment. Preoperatively, a target range IOP in the mid- to high-teens was considered sufficient based on age, glaucoma stage, visual field impairment, and tolerability for glaucoma medications in both POAG and UG groups. Ab externo trabeculotomy was performed in patients who were considered to have a high risk of bleb failure or bleb-related complications due to chronic conjunctival inflammation or young age. We documented age at surgery, sex, best-corrected visual acuity, IOP, number of glaucoma medications, and postoperative complications for each patient. Success was defined as IOP ≤21 mmHg (success 1) and IOP ≤21 mmHg and at least 25% reduction from baseline (success 2). The success was complete if after glaucoma surgery no further glaucoma medication was required and qualified if glaucoma medication or a cycloablative procedure was necessary to control IOP. If the IOP was \>21 mmHg at two consecutive visits despite reintroduction of glaucoma medications and further surgical treatment such as filtering surgery or the implantation of Ahmed glaucoma valve necessary to control IOP, then these eyes were considered as failure. The examination before the reoperation was then the final follow-up, and IOP data were displaced forward. A minimum follow-up of 3 years was required for inclusion.

This work adhered to the tenets of the Declaration of Helsinki. According to the requirements of the institutional review board of Eberhard Karls University of Tuebingen, as completely anonymized data were used for this study institutional review board approval was not required. Patients signed an informed consent prior to surgery, but the use of anonymized retrospective data does not require additional consent of the patient according to the requirements of the IRB.

Operative technique
-------------------

The surgical procedure has been described previously.[@b13-opth-10-929] Briefly, after conjunctival incision, a 4 mm ×4 mm scleral flap was created at the corneal limbus. The Schlemm's canal was identified and deroofed. U-shaped probes were then inserted into both ends of the opened canal and rotated 90° against the TM. Rotation of the probes achieved at least 120° opening of the TM. The scleral flap was then closed watertight. Postoperative treatment comprised topical administration of combined antibiotic and steroid medication for 2 weeks. Pilocarpine 1% was given postoperatively for 4 weeks to avoid formation of peripheral anterior synechia. In the UG group, uveitis was inactive in all eyes before surgery for at least 3 months and all patients preoperatively received systemic body weight-adjusted oral steroid therapy (1 mg/kg) starting 5 days prior to surgery. Steroids were then tapered over 10--12 weeks after surgery.

Statistical analysis
--------------------

For statistical analysis, chi-squared test, one-way analysis of variance, and Fisher's exact test were performed using JMP software (version 11.0; SAS Institute Inc., Cary, NC, USA). *P*-values \<0.05 were considered to reflect significant differences.

Results
=======

Twenty eyes of 17 patients with POAG and 22 eyes of 18 patients with UG were included in this study. The demographic characteristics of the patients are summarized in [Table 1](#t1-opth-10-929){ref-type="table"}. Uveitic etiology included idiopathic anterior uveitis (six eyes), idiopathic intermediate uveitis (four eyes), posterior uveitis (two eyes), Fuchs' uveitis syndrome (FUS; five eyes), herpetic uveitis (one eye), Posner--Schlossman syndrome (two eyes), and granulomatous uveitis (two eyes). Uveitis was inactive for at least 3 months in all the patients preoperatively.

In four eyes with anterior uveitis, uveitis was controlled with methotrexate and in two eyes with adalimumab and mycophenolate mofetil. In the eyes with intermediate uveitis, inflammation was controlled with mycophenolate sodium in two eyes, mycophenolate mofetil in one eye, and low-dose systemic steroid in another eye. Patients with posterior uveitis received low-dose systemic steroids. All five patients with FUS received only nonsteroid anti-inflammatory eyedrops. Herpetic uveitis was controlled with systemic acyclovir. In the two eyes with Posner--Schlossman syndrome, uveitis was controlled with valganciclovir. Granulomatous uveitis was controlled with methotrexate.

Postoperative reactivation of the uveitis was not seen in any patient during the follow-up.

IOP and glaucoma medications
----------------------------

The median IOP in the POAG group decreased significantly from 22 mmHg (95% CI 21--25 mmHg; n=20) at baseline to 14 mmHg (95% CI 12--15 mmHg; n=20, *P*\<0.001) after 3 years and remained 14 mmHg (95% CI 12--16 mmHg; n=13, *P*\<0.001) after 4 years. Similarly, the median IOP in the UG group decreased from 27 mmHg (95% CI 24.5--30.5 mmHg; n=22) at baseline to 15 mmHg (95% CI 13--16 mmHg; n=22, *P*\<0.001) after 3 years and to 12 mmHg (95% CI 9--15 mmHg; n=15, *P*\<0.001) after 4 years. The median IOP was statistically significantly different between the UG group and POAG group at baseline (*P*=0.03) on the first postoperative day (*P*\<0.01) and at the 1-year follow-up (*P*=0.01). [Figure 1](#f1-opth-10-929){ref-type="fig"} shows the median IOP at different time points in both groups.

In the POAG group, the median number of glaucoma medications decreased significantly from 4 (95% CI 3.2--4; n=20) at baseline to 2 (95% CI 1.4--2.6; n=20, *P*\<0.001) after 3 years and remained 2 (95% CI 1.0--2.4; n=13, *P*\<0.001) after 4 years. The median number of glaucoma medications in the UG group decreased significantly from 5 (95% CI 4.2--5.0; n=22) at baseline to 1 (95% CI 0.5--1.7; n=22, *P*\<0.001) after 3 years and remained 1 (95% CI 0.3--2.3; n=15, *P*\<0.001) after 4 years. The median number of glaucoma medications showed no statistically significant differences between both groups at the different time points.

Cycloablative treatment was performed once within the first 6 months in three eyes and repeated in a single eye within the first year postoperatively in the UG group. Only one eye received cycloablative treatment 1 week postoperatively in the POAG group.

Seven eyes failed in the UG group compared to none in the POAG group. Failure in the UG group occurred within the first 3 months in six eyes and after 7 months in one eye. In all these eyes, Ahmed glaucoma valve was needed to control the IOP. Success results are shown in [Table 2](#t2-opth-10-929){ref-type="table"}.

Complications
-------------

Hyphema was the most common postoperative complication in both groups. It resolved completely within 4 weeks postoperatively without any interventions. We did not observe any sight-threatening complications during the 4 years of follow-up. Complications are presented in [Table 3](#t3-opth-10-929){ref-type="table"}.

Discussion
==========

There is only a limited number of studies that have compared the outcomes of a surgical procedure between patients with POAG and patients with UG.[@b9-opth-10-929]--[@b12-opth-10-929] However, since the pathomechanisms of increased IOP differ between UG and POAG, it is important to know if a surgical procedure can achieve similar results in both conditions.

Ab externo trabeculotomy is usually a first-choice surgical treatment in congenital and juvenile glaucoma. However, a study by Tanihara et al[@b13-opth-10-929] has demonstrated that the procedure is an effective treatment for POAG, as well, even in adults. In this study, the success rate of the procedure was 58% after 5 years. The authors also reported that the success was significantly higher in patients with lower preoperative IOP (\<0 mmHg). In these patients, the final success probability after 5 years was 66.9%. On the other hand, age did not significantly influence the success of surgery. Although direct comparison is difficult because of different study populations and success criteria, our results in the POAG group are similar (qualified success). However, the success rate in the UG group was significantly lower. The different pathomechanisms of IOP elevation in POAG and UG groups are a possible explanation for this difference. This is demonstrated by the fact that the majority of failures in the UG group occurred in patients with FUS (four eyes) and granulomatous uveitis (two eyes). Typically, the inflammation is of low grade, but more difficult to control and irresponsive to steroids in patients with FUS compared to other uveitis forms.[@b14-opth-10-929] A recent study described the intraoperative observation of a perilimbal and/or episcleral vessel fluid wave seen during trabectome surgery and termed it episcleral venous fluid wave.[@b15-opth-10-929] The episcleral venous fluid wave correlated well with the outcomes of trabectome surgery in patients with various types of open-angle glaucomas. The authors demonstrated that if a wave was not seen or barely present, there was likely obstruction in the collector channel opening or intrascleral channels preventing flow to the episcleral veins.[@b16-opth-10-929] Unfortunately, the authors did not report on different subtypes of glaucomas. However, it is possible that the persistent low-grade inflammation in FUS leads to obstruction in the collector channel opening or the intrascleral channels, which could explain the high failure rate in FUS eyes in our study. Similarly, Hamanaka et al[@b17-opth-10-929] showed that eyes with granulomatous uveitis are associated with infiltration of lymphocytes, monocytes, and macrophages around the inner wall, posterior outer wall of the Schlemm's canal, and the collector channels, leading to narrowing and occlusion of the Schlemm's canal. Interestingly, a recent histological study suggested that the enhancement of conventional routes may not, however, be important for the IOP-lowering effect of trabeculotomy. The authors hypothesized that four different types of histological changes in the TM may reduce enhancement of the newly created unconventional routes by trabeculotomy.[@b18-opth-10-929] In this case, it is possible that in UG, the breakdown of the blood--ocular barrier followed by influx of proteins, immunocompetent cells, cytokines, and chemokines leads more often to the aforementioned histological changes in the TM compared to POAG. Again, active inflammation in FUS probably accelerates these changes even more. Consequently, pre- and postoperative care is crucial for improving the success rate of trabeculotomy in uveitis patients. In our experience, surgery should be performed in eyes that have been calm for at least 3 months prior to surgery. Preoperatively, we treat the patients with systemic body weight-adjusted steroid therapy, which is started 5 days before surgery (1 mg/kg). We then taper the steroids slowly during a period of 10--12 weeks postoperatively to avoid recurrence of inflammation.

Notably, the outcomes of filtration surgery are also worse in UG compared to POAG. Kaburaki et al[@b10-opth-10-929] reported similar success rates after 5 years of follow-up in a retrospective study in patients with inactive uveitis in comparison to patients with POAG. However, postoperative complications such as long-standing ocular hypotony, hypotonic maculopathy, and cataract formation were more common in the UG group. In contrast, Noble et al[@b11-opth-10-929] reported that results of trabeculectomy with MMC were significantly worse in patients with UG compared to patients with POAG. UG patients required also more postoperative procedures and developed more often cystic blebs. Additionally, a study by Iwao et al[@b9-opth-10-929] demonstrated that trabeculectomy with MMC was less effective in maintaining the IOP reduction in UG patients than in POAG patients. One study compared the results of Ahmed glaucoma valve implantation between patients with UG and patients with POAG. The success rates were similar in both groups after 30 months. However, failure in terms of tube removal occurred significantly more often in patients with UG.[@b12-opth-10-929]

The role of the higher preoperative IOP as a prognostic factor associated with poor prognosis after ab externo trabeculotomy remains a matter of debate. Tanihara et al[@b13-opth-10-929] reported that higher preoperative IOP was a negative prognostic factor in POAG. In contrast, Iwao et al[@b19-opth-10-929] demonstrated that higher preoperative IOP was not a prognostic factor for surgical failure of trabeculotomy in the treatment of steroid-induced glaucoma. Likewise, in our study, the preoperative IOP in the eyes with failure was not statistically significant different compared to the eyes without failure. However, due to the small number of eyes, we could not determine the role of preoperative IOP level conclusively.

The influence of age on the outcomes of ab externo trabeculotomy has been controversially discussed in the literature. Some authors have reported better results in patients with congenital and juvenile glaucoma compared to those with adult-onset glaucoma.[@b20-opth-10-929],[@b21-opth-10-929] However, Tanihara et al[@b13-opth-10-929] showed that there was no significant difference in the outcomes between a younger (\<60 years) and an elderly (≥60 years) group having eyes with POAG. In our study, patients with UG were much younger than those with POAG. However, in our opinion, the worse results in the aforementioned studies by Schwartz and Anderson, Lunt and Livingston, and ours for the non-POAG eyes compared to the eyes with POAG are caused by structural changes of the outflow system that differ among various glaucoma types and are only indirectly correlated to age.

There was a statistically significant difference in sex between both groups in our study. However, the failure rates were not statistically significantly different in both sexes, and sex was not a prognostic factor for success or failure. The strength of this analysis is limited by the small number of patients. Surprisingly, the influence of sex on the outcomes of glaucoma surgery has not yet been specifically addressed in the published literature. This makes it impossible for us to compare our results to others.

A major advantage of ab externo trabeculotomy is that it avoids the potentially sight-threatening complications of filtration surgery. In our study, complication rates were similar and low in both UG and POAG groups, although postoperative hyphema was slightly more common in the POAG group. Interestingly, Grieshaber et al[@b22-opth-10-929] demonstrated that postoperative hyphema was a positive prognostic indicator in uneventful canaloplasty in regard to IOP reduction, possibly representing a restored and patent physiologic aqueous outflow system.

The limitations of our study include its retrospective design as well as the variety of UG types treated. Notably, the outcomes in eyes with FUS and granulomatous uveitis were worse compared to both the remaining eyes in the UG group and the POAG group. However, the small number of eyes precluded from further analyses of these differences.

Conclusion
==========

Our results showed that ab externo trabeculotomy effectively reduced IOP in both UG and POAG groups. However, the long-term success rates in the UG group were significantly lower due to the high failure rate in patients with FUS and granulomatous uveitis. The procedure demonstrated a high safety profile in both UG and POAG patients.
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###### 

Patients' demographics

  Demographic              POAG         UG           *P*-value
  ------------------------ ------------ ------------ -------------
  Eyes, n                  20           22           0.6
  Sex                                                
   Female, n (%)           17 (85)      4 (18)       
   Male, n (%)             3 (15)       18 (82)      
  Age (years)                                        
   Mean ± SD               62.5±9.7     38±20.7      \<**0.001**
   Range                   40--76       11--74       
  Baseline IOP (mmHg)                                
   Median                  22           27           **0.02**
   95% CI                  21.4--25.2   24.5--30.5   
  Baseline medications                               
   Median                  4            5            \<**0.001**
   95% CI                  3.2--4.0     4.2--5       
  Baseline BCVA (logMAR)                             
   Median                  0.2          0.5          \<**0.001**
   95% CI                  0.05--0.5    0.4--0.8     

**Note:** Statistically significant changes are shown in bold in the *P*-value column.

**Abbreviations:** POAG, primary open-angle glaucoma; UG, uveitic glaucoma; IOP, intraocular pressure; BCVA, best-corrected visual acuity; logMAR, logarithm of the minimum angle of resolution; CI, confidence interval.

###### 

Success rates at different time points

  Success                                                 1 year     2 years   3 years    4 years                                   
  ------------------------------------------------------- ---------- --------- ---------- --------- ---------- --------- ---------- --------
  Complete success                                                                                                                  
   ≤21 mmHg, n (%)                                        4 (20)     4 (18)    5 (25)     3 (14)    4 (20)     5 (23)    2 (15)     2 (13)
   *P*-value                                              1.0                  0.44                 1.0                  1.0        
   ≤21 mmHg and ≥25% IOP reduction from baseline, n (%)   4 (20)     4 (18)    2 (10)     3 (14)    2 (10)     5 (23)    1 (8)      3 (20)
   *P*-value                                              1.0                  1.0                  0.44                 0.6        
  Qualified success                                                                                                                 
   ≤21 mmHg, n (%)                                        16 (80)    11 (50)   15 (75)    12 (55)   16 (80)    10 (45)   11 (85)    6 (40)
   *P*-value                                              **0.02**             0.12                 **0.03**             **0.03**   
   ≤21 mmHg and ≥25% IOP reduction from baseline, n (%)   12 (60)    8 (36)    15 (75)    9 (41)    14 (70)    7 (32)    8 (62)     4 (27)
   *P*-value                                              0.2                  **0.03**             **0.03**             0.12       
  Failure                                                                                                                           
   n (%)                                                  None       7 (32)    None       7 (32)    None       7 (32)    None       7 (47)

**Notes:** Success was defined as IOP ≤21 mmHg (success 1) and IOP ≤21 mmHg and at least 25% reduction from baseline (success 2). Complete success was achieved when no further glaucoma medication was required after glaucoma surgery. If glaucoma medication or a cycloablative procedure was necessary to control IOP, then success was qualified. If the IOP was \>21 mmHg at two consecutive visits despite reintroduction of glaucoma medications and further surgical treatment such as filtering surgery or the implantation of Ahmed glaucoma valve was necessary to control IOP, then these eyes were considered as failure. Statistically significant changes are shown in bold.

**Abbreviations:** POAG, primary open-angle glaucoma; UG, uveitic glaucoma; IOP, intraocular pressure.

###### 

Postoperative complications

  Complication        POAG, n (%)   UG, n (%)
  ------------------- ------------- -----------
  Hyphema             11 (55)       7 (32)
  Hypotony            1 (5)         1 (5)
  Filtering bleb      1 (5)         1 (5)
  Vitreous prolapse   0             1 (5)

**Abbreviations:** POAG, primary open-angle glaucoma; UG, uveitic glaucoma.
